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,QWURGXFWLRQ
)RU KXPDQV WKH KRUVH ZDV D GHYRWHG IULHQG EXW DOVR D YDOXDEOH DLG SDVVLQJ WKURXJK YDULRXV VWDJHV IURP
NQRZOHGJHWRSDVVLRQIURPDUWWRVFLHQFH
,QRUGHU WRREWDLQDKLJKSHUIRUPDQFH LQKRUVHVXVHG LQHTXHVWULDQ VSRUWV LVQHFHVVDU\ WRSXUVXHDQGDFKLHYHD
EDODQFHEHWZHHQHQHUJ\SURGXFWLRQDQGHQHUJ\XVH
(QHUJ\H[FHVVDQGGHILFLHQF\DQGHQHUJ\H[FHVVWKURXJKGLHWDU\LQWDNHPD\QHJDWLYHO\LQIOXHQFHSHUIRUPDQFH
2YHUVL]LQJRIWKHHIIRUWLQWKHVHFRQGLWLRQVFDQOHDGWRGHJUDGDWLRQRIKHDOWK
3K\VLFDO HIIRUW UHTXLUHG E\ WKH HTXHVWULDQ FRPSHWLWLRQV GHWHUPLQH WKH EHKDYLRUDO VWXG\ RI WKHPDLQ HQHUJHWLF
SUHFXUVRUVJOXFRVHWULJO\FHULGHVOLSLGVHWFDQGRQO\WKHVXVWDLQHGSK\VLFDOHIIRUWLVWKHZD\WRPDNHDQREMHFWLYH
DQDO\VLVRIWKHVHSUHFXUVRUV
6XFFHVVDQGIDLOXUHLQFRPSHWLWLRQVDQGDOVRWKHKHDOWKRIVSRUWKRUVHVGHSHQGRQWKLVDQDO\VLV
$WKRUVHVXVHGDWFRPSOHWHWULDOFRPSHWLWLRQLQVWHHSOHFKDVHDQGFURVVFRXQWU\WULDOVWKHUHZDVGRPLQDWHGW\SH
RI PD[LPXP HIIRUW LQ ZKLFK DW OHDVW WKHRUHWLFDOO\ WKH PDMRU DPRXQW RI HQHUJ\ FRPHV IURP ODFWLF DQDHURELF
PHWDEROLVPRIJOXFRVH
7KHVDPHW\SHRIHIIRUWDQGWKHUHIRUHWKHVDPHW\SHRIHQHUJ\PHWDEROLVPSURYLGHVHQHUJ\LQMXPSLQJWULDOV
7KLVPHWDEROLF SDWKZD\ XVHG DV LVZHOO NQRZQ DV WKH VROH VXEVWUDWH JOXFRVHSKRVSKDWH FRPHV IURP HLWKHU
SODVPDJOXFRVHRUIURPJO\FRJHQRO\VLVZKLFKSURYLGHFKHPLFDOUHDFWLRQVZLWKFRQVXPSWLRQRI$73DQGZKLFKDUH
FDUULHGRXWLQVDUFRSODVPLQWKHODFNRIR[\JHQ/HKQLQJHU(DWRQ&LXUGDUX
7KH REVHUYDWLRQV SXUSRVH LQ WKLVZRUNZDV WRPRQLWRU WKH FKDQJHV LQ JOXFRVH FRQFHQWUDWLRQV EHIRUH DQG DIWHU
H[HUFLVHLQKRUVHVDWFRPSOHWHWULDOFRPSHWLWLRQ
0DWHULDOVDQG0HWKRGV
7KHELRORJLFDOPDWHULDOVWXGLHGZDVUHSUHVHQWHGE\DWRWDORIVSRUWKRUVHVZKLFKEHORQJWR'LQDPR%XFKDUHVW
6SRUWV&OXE
7KHUHZHUHVWXGLHGERWKIHPDOHVDQGPDOHVDJHGWR\HDUVDQGRYHU\HDUVROG
+RUVHV EHORQJ WR 5RPDQLDQ+RUVH 6SRUW DQG (QJOLVK 3XUH %ORRGZKLFK DUH VSHFLDOL]HG DQGZHOO WUDLQHG IRU
FRPSOHWHWULDOFRPSHWLWLRQWDEOHDQGILJXUHV
7DEOH7KHELRORJLFDOPDWHULDO
6SHFLILFDWLRQ 7RWDO Q 
%UHHG
5RPDQLDQ5DFH+RUVH6SRUW

 
(QJOLVKWKRURXJKEUHG  
$JH
\HDUVROG

 
RYHU\HDUVROG  
*HQGHU
0DOHV

 
)HPDOHV  

$QDO\]HV ZHUH FDUULHG RXW IURP KHSDULQ SODVPD ZLWK WKH DGGLWLRQ RI VRGLXP IOXRULGH &ROOHFWHG EORRG ZDV
WUDQVSRUWHGWRWKHODERUDWRU\RQLFHLQFRROHUEDJ7LPHKDVQRWH[FHHGHGKRXUVIURPKDUYHVWLQJWRSURFHVVLQJDQG
WKHWHPSHUDWXUHZDVNHSWEHWZHHQ&
'HWHUPLQDWLRQ ZDV HQVXUHG E\ DQ HQ]\PDWLF UHDFWLRQ WKDW WULJJHUV WKH UHDFWLRQ RI FRORU EDVHG RQ PROHFXODU
VSHFWURVFRS\PHDVXUHPHQWV,WFRQVLVWVLQFRQYHUWLQJJOXFRVHLQWRJOXFRQLFDFLGDQGK\GURJHQSHUR[LGHZKLFKDOVR
SDVVHVLQWRDUHGFRORUVRSKLVWLFDWHGFRPELQDWLRQ
7KHLQWHQVLW\RIWKHFRORUGHSHQGVRQWKHLQLWLDODPRXQWRIJOXFRVHLQWKHVDPSOH%ORRGJOXFRVHZDVGHWHUPLQHG
XVLQJ6FUHHQ0DVWHU3OXVVSHFWURSKRWRPHWHU7KHREWDLQHGYDOXHVZHUHVWDWLVWLFDOO\FDOFXODWHGDQGDOVRWKHUHZHUH
GHWHUPLQHGWKHGLIIHUHQFHVLJQLILFDWLRQV

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 
)LJ7KHELRORJLFDOPDWHULDOXVHGGHSHQGLQJRQEUHHG )LJ7KHELRORJLFDOPDWHULDOXVHGGHSHQGLQJRQDJH

)LJ7KHELRORJLFDOPDWHULDOXVHGGHSHQGLQJRQJHQGHU
5HVXOWVDQG'LVFXVVLRQV
*OXFRVHZDVDQDO\]HGLQEORRGVDPSOHVIURPKRUVHVZKRSDUWLFLSDWHGLQWKHFRPSOHWHWULDOFRPSHWLWLRQ
+DUYHVWLQJZDV GRQH EHIRUH DQG DIWHU H[HUFLVH LQ  RI WKH  GD\V RI FRPSHWLWLRQ IRU  WULDOV VWHHSOH FKDVH
MXPSLQJDQGFURVVFRXQWU\7DEOHDQGILJXUHVKRZVWKHJOXFRVHOHYHOVEHIRUHDQGDIWHUHIIRUW
7DEOH*OXFRVHYDOXHVEHIRUHDQGDIWHUHIIRUWDWFRPSOHWHWULDOFRPSHWLWLRQ
7ULDO Q
%HIRUHHIIRUW $IWHUHIIRUW
x V x  Y x V x  Y
6WHHSOHFKDVH     
&URVVVFRXQWU\     
-XPSLQJ     

%HIRUHHIIRUWWRVWHHSOHFKDVHWULDOZDVREWDLQHGDPHDQYDOXHRIPPROJOXFRVHOWRFURVVFRXQWU\
WULDODYHUDJHYDOXHZDVPPROO$KLJKYDOXHZDVDOVRREWDLQHGWRMXPSLQJWULDOPPROO
$IWHUHIIRUWLQVWHHSOHFKDVHWULDOWKHUHZDVDQDYHUDJHJOXFRVHYDOXHRIPPROOLQFURVVFRXQWU\WULDO
DQDYHUDJHYDOXHRIPPROODQGWKHDYHUDJHYDOXHLQMXPSLQJWULDOZDVPPROO
,Q WKH VDPH WULDO WKHUH LVDQ LQFUHDVH LQPHDQJOXFRVHDIWHUH[HUFLVHFRPSDUHG WRRQHVEHIRUHHIIRUW7KXV LQ
VWHHSOHFKDVHWULDODIWHUHIIRUWWKHPHDQJOXFRVHLQFUHDVHGE\PPROO,QWKHFURVVFRXQWU\WULDOWKHYDOXHDIWHU
HIIRUWKDV LQFUHDVHGE\PPROO DQG LQ MXPSLQJ WULDODIWHU HIIRUW WKHDYHUDJHJOXFRVHYDOXHZDVKLJKHUE\
PPROO7KHUHVXOWVVXJJHVWWKHLGHDWKDWJOXFRVHUHSUHVHQWVWKHPDMRUHQHUJ\UHVRXUFHIRUWKLVNLQGRIHIIRUW
:KHQ WKHFRQFHQWUDWLRQRIJOXFRVHEHIRUHHIIRUWH[FHHGV WKHDIWHUHIIRUWFRQFHQWUDWLRQ LWVYDOXH LVSRVLWLYH ,Q
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FDVH WKH EORRG JOXFRVH FRQFHQWUDWLRQEHIRUH HIIRUW LV ORZHU WKDQ WKH EORRGJOXFRVH FRQFHQWUDWLRQ DIWHU HIIRUW WKH
UHVXOWLQJYDOXHLVQHJDWLYHH[FHHGLQJWKHDPRXQWRIDYDLODEOHJOXFRVHFRQFHQWUDWLRQ2EWDLQHGYDOXHLQERWKFDVHV
ZDVQDPHGFRQYHQWLRQDOPHWDEROL]HGDPRXQW
7KHUHZHUH FDOFXODWHG WKH VLJQLILFDWLRQ RI GLIIHUHQFHV EHWZHHQJOXFRVH OHYHOV EHIRUH DQG DIWHU H[HUFLVH LQ WKH
VDPHFRPSHWLWLRQWULDOVDQGWKHUHVXOWVDUHLQWDEOH
7DEOH7KHGLIIHUHQFHVVLJQLILFDWLRQEHWZHHQJOXFRVHYDOXHVEHIRUHDQGDIWHUHIIRUWLQFRPSOHWHWULDOFRPSHWLWLRQ
6SHFLILFDWLRQ Q X EHIRUH
HIIRUW
X DIWHU
HIIRUW
G &DOFXODWHGW
WDEOHWWD
6LJQLILFDWLRQ
S S
6WHHSOHFKDVH        9HU\VLJQLILFDQWGLIIHUHQFHV
&URVVFRXQWU\        ,QVLJQLILFDQWGLIIHUHQFHV
-XPSLQJ        9HU\VLJQLILFDQWGLIIHUHQFHV

,QWKHVDPHWULDOEHIRUHDQGDIWHUH[HUFLVHWKHVLJQLILFDQFHRIGLIIHUHQFHVLVDVIROORZVLQVWHHSOHFKDVHWULDOWKHUH
DUHYHU\VLJQLILFDQWGLIIHUHQFHVLQFURVVFRXQWU\WULDOWKHUHDUHLQVLJQLILFDQWGLIIHUHQFHDQGLQMXPSLQJWULDOWKHUHDUH
DJDLQYHU\VLJQLILFDQWGLIIHUHQFHV
&DOFXODWLQJGLIIHUHQFHVEHWZHHQLQGLYLGXDOYDOXHVRIJOXFRVHEHIRUHDQGDIWHUHIIRUWIRUHYHU\WULDOLQWKHGD\V
FRPSHWLWLRQ WKH YDOXH REWDLQHG LV WKH DPRXQW RI HQHUJHWLF VXEVWUDWH UHTXLUHG IRUPHWDEROLVP WR EH XVHG IRU WKH
V\QWKHVLV RI $73 7KHUH ZHUH FDOFXODWHG WKH VLJQLILFDWLRQV IRU WKH GLIIHUHQFHV EHWZHHQ JOXFRVH YDOXHV REWDLQHG
EHIRUHDQGDIWHUHIIRUWFRPSDULQJWKHFRPSHWLWLRQVWULDOVZLWKHDFKRWKHU
7HVWLQJ WKH VLJQLILFDQFH RI GLIIHUHQFHV EHWZHHQ WKH YDOXHV EHIRUH HIIRUW LW FDQ EH QRWHG WKDW EHWZHHQ VWHHSOH
FKDVHDQGFURVVFRXQWU\WULDOVDQGEHWZHHQVWHHSOHFKDVHDQGMXPSLQJWULDOVWKHGLIIHUHQFHVDUHYHU\VLJQLILFDQWDQG
EHWZHHQFURVVFRXQWU\DQGMXPSLQJWULDOVWKHUHDUHLQVLJQLILFDQWGLIIHUHQFHV7DEOH7KHVDPHFDQEHQRWHGZKHQ
WHVWLQJWKHVLJQLILFDQFHRIGLIIHUHQFHVDIWHUHIIRUW7KHUHDUHYHU\VLJQLILFDQWGLIIHUHQFHVEHWZHHQVWHHSOHFKDVHDQG
FURVVFRXQWU\WULDOVDQGEHWZHHQVWHHSOHFKDVHDQGMXPSLQJWULDOV$PRQJFURVVFRXQWU\DQGMXPSLQJWULDOVWKHUHDUH
LQVLJQLILFDQWGLIIHUHQFHV7DEOH
7DEOH'LIIHUHQFHVLJQLILFDWLRQVIRUJOXFRVHYDOXHVREWDLQHGEHIRUHHIIRUWFRPSDULQJWKHFRPSHWLWLRQVWULDOVZLWKHDFKRWKHU
6SHFLILFDWLRQ
%HIRUHHIIRUW
Q X  X  G FDOFXODWHGW
WWDEHODUWD
6LJQLILFDWLRQ
S S
6WHHSOHFKDVH
&URVV
FRXQWU\       
9HU\VLJQLILFDQW
GLIIHUHQFHV
-XPSLQJ        9HU\VLJQLILFDQWGLIIHUHQFHV
&URVVFRXQWU\ -XPSLQJ        ,QVLJQLILFDQWGLIIHUHQFHV

7DEOH'LIIHUHQFHVLJQLILFDWLRQVIRUJOXFRVHYDOXHVREWDLQHGDIWHUHIIRUWFRPSDULQJWKHFRPSHWLWLRQVWULDOVZLWKHDFKRWKHU
6SHFLILFDWLRQ
$IWHUHIIRUW
Q X  X  G FDOFXODWHGW
WWDEHODUWD
6LJQLILFDWLRQ
S S
6WHHSOHFKDVH
&URVV
FRXQWU\       
9HU\VLJQLILFDQW
GLIIHUHQFHV
-XPSLQJ        9HU\VLJQLILFDQWGLIIHUHQFHV
&URVVFRXQWU\ -XPSLQJ        ,QVLJQLILFDQWGLIIHUHQFHV
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&RQFOXVLRQV
*OXFRVHHQHUJHWLFPHWDEROLVPVWXG\GXULQJGLIIHUHQWLQWHQVLWLHVDQGGXUDWLRQHIIRUWVLPSRVHGE\FRPSOHWHWULDO
FRPSHWLWLRQVKRZVWKHIROORZLQJFRQFOXVLRQV
%ORRG FRQWHQW LQ JOXFRVH LQFUHDVHG REYLRXVO\ DIWHU HIIRUW IURPPPROO WR PPROO LQ
VWHHSOHFKDVHWULDOIURPPPROOWRPPROOLQFURVVFRXQWU\WULDODQGIURPPPROOWR
PPROOLQMXPSLQJWULDO
'LIIHUHQFHVEHWZHHQEORRGJOXFRVHOHYHOVEHIRUHDQGDIWHUH[HUFLVHDSSUHFLDWHGZLWKLQWKHVDPHWULDODUHYHU\
VLJQLILFDQWIRUVWHHSOHFKDVHDQGMXPSLQJWULDOVDQGLQVLJQLILFDQWIRUFURVVFRXQWU\WULDO
 7KH GLIIHUHQFHV EHWZHHQ EORRG JOXFRVH YDOXHV DSSUHFLDWHG EHIRUH DQG DIWHU HIIRUW FRPSDULQJ WKH 
FRPSHWLWLRQVWULDOVZLWKHDFKRWKHUDUHYHU\VLJQLILFDQWH[FHSWLQJWKHFURVVFRXQWU\MXPSLQJVLWXDWLRQVZKHUHWKH
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